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Introduction: Suicide is a pressing psychiatric concern worldwide with no established biomarker. While there is some evidence of the clinical utility of functional near-infrared spectroscopy (fNIRS) in assessing and predicting suicidality, no systematic review of such evidence has been conducted to date. Therefore, this review aimed to systematically review and gather evidence from existing studies that used fNIRS signals to assess suicidality and its associated changes in the brain, and those that examined how such signals correlated with suicide symptomatology.

Methods: PubMed, EMBASE, and Cochrane Library databases were used in a systematic literature search for English-language articles published between 2000 and December 19, 2020 that focused on the utility of fNIRS for (i) assessing suicidality and its associated changes in the brain, and (ii) correlating with suicide symptomatology. Studies were included if they utilised fNIRS to evaluate variations in fNIRS-measured cerebral hemodynamic responses in patients with different mental disorders (e.g., major depressive disorder, schizophrenia), as well as in healthy controls, of any age group. Quality of evidence was assessed using the Newcastle-Ottawa quality assessment scale.

Results: A total of 7 cross-sectional studies were included in this review, all of which had acceptable quality. Across all studies, fNIRS demonstrated reduced cerebral hemodynamic changes in suicidal individuals when compared to non-suicidal individuals. One study also demonstrated the potential of fNIRS signals in correlating with the severity of suicidality.

Conclusions: This review provides a comprehensive, updated review of evidence supporting the clinical utility of fNIRS in the assessment and prediction of suicidality. Further studies involving larger sample sizes, standardised methodology, and longitudinal follow-ups are needed.
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INTRODUCTION

Suicide, which occurs across the lifespan, is a major public health concern, given that it remains an important contributor to mortality in all regions of the world (1). According to the World Health Organisation, suicide accounted for 1.4% of all deaths worldwide in 2016, and ~800,000 deaths every year are due to suicide. Suicidal ideation can be defined as thinking about or planning suicide, while a suicide attempt is a non-fatal, self-directed, potentially injurious behaviour with the intention to end one's life (2). For every adult death by suicide, it is estimated that there are more than 20 others who attempt suicide, with about 2.5% of the world's population attempting suicide at least once in their lifetime (3, 4). All things considered, there is evidently a pressing need for interventions, therapeutic or otherwise, aimed at reducing the risk of suicide and, consequently, preventing suicide more effectively (5, 6).

Despite the increasing global prevalence of suicide over the years, suicidality in individuals can still be said to be under detected, given its complex, multifaceted nature (7–9). Furthermore, reliable biological predictors for the risk of suicidality do not yet exist, given the almost exclusive reliance on self-reported suicide intent and the limited predictive value of identified non-biological risk factors and at present (10–12). As such, there exists a need for objective methods (i.e., those not biassed by opinion or interpretation) to ascertain suicidality in individuals swiftly so that appropriate intervention can be administered to ensure patient safety, especially since suicidal thoughts and behaviours have not declined appreciably in the past decades (10, 12). This can be done by assessing for, as well as making modifiable risk factors of suicide like trauma, pain, and social isolation, targets of clinical interventions (13–15). Traumatic experiences have shown to be an important risk factor for suicide, as they may be associated with significant psychosocial impairment (16). Additionally, a study by Serafini et al. (17) also found that an individual's unique sensory processing patterns, in addition to their traumatic experiences, are often involved in the pathophysiology of major affective disorders and other negative outcomes (e.g., suicidality). As such, they should also be considered when assessing for suicidality in the clinical setting.

In recent years, there has been a marked increase in the number of studies focusing on suicide-specific diagnosis and biomarkers, the latter of which are measurable biological parameters that increase risk of a disease, which includes brain imaging, genomic and biochemical markers (18–20). In particular, the use of brain-imaging modalities such as functional magnetic resonance imaging (fMRI), positron emission tomography (PET) and magnetoencephalography (MEG) has been employed to help in the diagnosis of psychiatric disorders and suicidality. fMRI, in particular, has also been used in the investigation of suicidal thoughts and behaviours (21). fMRI studies have provided evidence of increased suicide risk in association with differences in activation of areas of the brain, such as the prefrontal cortex (22). There are, however, limitations to the aforementioned imaging methods, including but not limited to high costs, various contraindications associated with the use of the imaging devices, and equipment inaccessibility.

In contrast, functional near-infrared spectroscopy (fNIRS) provides various advantages that makes it an ideal choice for interrogating brain function, one of which is that it is non-invasive (23). It also provides temporal resolution comparable to that of fMRI, involves neither ionising radiation nor loud noise, and is portable and relatively inexpensive, hence allowing for it to be repeated on patients as and when needed in their natural environment (24–27). Furthermore, it is readily amenable to integration with other technologies including electroencephalography (EEG) (28). fNIRS is a type of spectroscopy that utilises light sources between a spectral window of 650–1,000 nanometres, which can penetrate organic tissues and are preferentially absorbed by haemoglobin (29). Variations in oxygenated haemoglobin (oxy-Hb), used as an indicator of cortical activation, are then computed using the variance in absorbance using a modified version of the Beer-Lambert law (30). fNIRS research has been rapidly expanding across a wide range of areas in recent years (31). In psychiatry, fNIRS has been used in studies involving patients with major depressive disorder (MDD), schizophrenia and bipolar disorder (BD), in which such patients demonstrate considerably decreased prefrontal cortical activation in comparison to healthy controls when participating in cognitive tasks like the verbal fluency task (VFT) (32–34). The correlation between prefrontal cortical activation and suicidality has been less frequently examined and is, therefore, less established.

To the best of our knowledge, no systematic review has been conducted to date to evaluate the use of fNIRS in assessing and predicting suicidality. As such, the aim of this study was to systematically review and gather clinical evidence from the latest available literature, focusing on the utility of fNIRS for (i) assessing suicidality and its associated changes in the brain, and (ii) correlating with suicide symptomatology. Overall, we hope to provide a comprehensive, up-to-date review of the literature exploring the clinical utility of fNIRS as a biomarker for suicidality.



METHODS


Data Sources and Search Strategy

We conducted this study using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) (35). A systematic review was completed based on English-language literature published between 2000 to 19 December 2020, focusing on the utility of fNIRS for (i) assessing suicidality and its associated changes in the brain, and (ii) correlating with suicide symptomatology. The three electronic databases utilised in the search were PubMed, EMBASE and Cochrane Library. The following search terms were used: “spectroscopy”, “near-infrared”, “near-infrared spectroscopy”, “fNIRS”, and “optical topography” (separated by OR), in combination with the term “suicid*”. These terms were searched as both text words and subject headings. Original research articles, human studies and conference proceedings in the English language were included, whilst abstracts, case reports and reviews were excluded. No funding was obtained for this systematic review.



Eligibility Criteria and Data Collection

The primary outcome of interest for this systematic review was the variations in fNIRS-measured cerebral hemodynamic responses and their correlations with suicide symptomatology across patients with different mental disorders, as well as amongst healthy controls.

All studies retrieved from the databases were independently reviewed by two reviewers (YQL and CH) based on title and abstract. Where appropriate, full-text papers were extracted for a further inspection. Full-text reviews were subsequently conducted on selected studies that fulfilled the inclusion criteria, whereby the study characteristics and findings were extracted. Information included in data review consist of the authors, country, year published, conditions investigated, sample size and gender, mean age, diagnostic criteria, suicidality measure(s), medication use (if any), type of NIRS device utilised, paradigm utilised, brain areas studied, and main findings of the study.



Quality Assessment of the Included Studies

As recommended by the Cochrane Collaboration (36), the Newcastle-Ottawa quality assessment scale (NOS) (37) was used to assess the risk of bias of the studies included in this review. The NOS assigns a maximum of 9 stars to each study with scores of 0–3, 4–6, and 7–9 indicating low, medium and high quality, respectively. These studies were independently rated by two reviewers (YQL and CH), and the results of this quality assessment are presented in Table 1. Any discrepancies in assessment were discussed before finalisation. All studies were deemed to be of acceptable quality, having been awarded a minimum of 4 stars.


Table 1. Risks of bias within studies selected.
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RESULTS


Study Selection

A total of 8,687 citations were identified from our database search, with 704 from PubMed, 1,338 from EMBASE, and 6,645 from Cochrane Library. After reviewing the titles, abstracts, and removing duplicated publications, 10 articles were selected. Of these, 7 studies met the inclusion criteria and were included in this analysis (Table 2). The selection process is displayed in Figure 1, constructed according to the PRISMA statement. Five of the studies were from Japan, one study from the USA and one study from Korea. All seven studies were cross-sectional in nature.


Table 2. Summary of peer-reviewed studies investigating functional near infrared spectroscopy (fNIRS)-measured cerebral hemodynamic responses and their correlation with suicidality.
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FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)-guided flow chart illustrating the screening and selection processes performed to identify the articles included in this review.




Correlation of fNIRS Signals With Suicidality

All 7 papers reported on fNIRS studies, in which changes in cerebral hemodynamic responses were correlated with suicidality in a total of 954 participants. These studies were inclusive of patients with MDD, schizophrenia, bipolar disorder and autism spectrum disorder (ASD), as well as healthy individuals. The majority of the studies adopted the VFT, except for one study that used anagram tasks, as their paradigm. The fNIRS instruments utilised included the 52-channel ETG-4000 (Hitachi), 24-channel ETG-4000 (Hitachi), NIRSIT (OBELAB), and Model 200A (fNIR Devices LLC).

According to our assessment of the author's conclusions, studies on MDD showed oxy-Hb concentration values have significant negative correlation with suicidality in the sample population based on measures such as the Hamilton Depression (HAM-D) scores as well as patient's previous history of suicide attempts. Tsujii et al. (40) also demonstrated that significant negative correlation was still present after correcting for confounding factors such as age, gender and estimated IQ, and the suicide attempt (SA) group was noted to have smaller hemodynamic response than the non-attempt (NA) and healthy control (HC) group in the left precentral gyrus during VFT. VFT also induced widespread frontotemporal cortical activation in HCs and NAs, whereas SAs showed significant activation only in the left superior frontal gyrus, left middle frontal gyrus, bilateral inferior frontal gyrus, and right precentral gyrus. SAs also showed significant correlation between the severity of suicide ideation and hemodynamic responses in the right dorsolateral prefrontal region, in contrast to NAs who did not show such correlation. Hemodynamic responses in the right middle frontal gyrus were also negatively correlated with aggression and hopelessness in the SAs but not in the HCs and NAs.

Such negative correlation was corroborated by Baik et al. (38), who also showed that MDD patients have relatively reduced left prefrontal oxy-Hb changes during VFT than HCs, and amongst the MDD patients, there was significant positive correlation between asymmetry index for VFT and the suicide item of HAM-D. With relatively greater left prefrontal asymmetry, the effect of depression severity on suicide ideation was also noted to be stronger. Additionally, Pu et al. (41) also noted that regional hemodynamic changes in the right dorsolateral prefrontal cortex (DLPFC), orbitofrontal cortex (OFC), and right frontopolar cortex (FPC) regions in patients with MDD with suicidal ideation were significantly smaller than those without suicidal ideation, and similar differences were also noted between patients with MDDs and HCs. In patients with MDD, hemodynamic changes during VFT correlated negatively with the severity of suicidal ideation (as measured by the HAM-D questionnaire), in the DLPFC, OFC, and FPC regions.

In patients with BD, similar findings were discovered. Hirose et al. (39) showed that depressed BD patients with history of SA had smaller hemodynamic responses by VFT in the bilateral precentral and superior temporal gyri, and left supramarginal, inferior frontal, post-central and middle temporal gyri, as compared to BD patients without history of suicide attempts. SA patients also exhibited delayed activation timing of the NIRS signal in the PF region, and delayed activation timing of NIRS signal was significantly and positively associated with current suicide risk.

Assessing prefrontal hemodynamic response and suicide risk in ASD, Ota et al. (42) showed that there was significant positive correlation between the current suicide risk score, and their centroid value in the prefrontal region, while there was no significant differences between the ASD and control groups in terms of the mean oxy-Hb changes induced by VFT for each channel.

Matsuoka et al. (44) assessed prefrontal dysfunction and history of suicide attempts among patients with recent onset schizophrenia, and results showed that SA group had significantly lower brain activity in the right DLPFC during the letter fluency task as compared to the NA group.

Finally, Zahid et al. (43) assessed 296 undergraduates for suicidal ideation and monitored them using a fNIRS device whilst they engaged in anagram tasks. This study found that DLPFC activity was associated with suicidal ideation in gender-specific ways. During the homogenous 3-letter anagram trials, males who reported suicidal ideation displayed significantly reduced levels of blood oxygenation across the DLPFC compared to males who did not suicidal ideation, which indicated reduced neural activation during the task. In contrast, females who did not report suicidal ideation displayed reduced levels of blood oxygenation compared to females who reported suicidal ideation. As for the 5-letter anagrams task during the event-related trials, male who reported suicidal ideation displayed elevated levels of blood oxygenation and neural activation at several locations compared to males who did not report suicidal ideation, while females who reported suicidal ideation tended to exhibit lower levels of neural activation than those who did not report suicidal ideation. The findings from this study suggested that there are distinct patterns of neural activity across the DLPFC that differentiate individuals who report suicidal ideation from those who do not, and the patterns are dependent on both the gender and nature of the cognitive task allocated.




DISCUSSION

Considering the findings of the reviewed papers, our systematic review demonstrates the clinical potential of fNIRS signals as a biomarker that differentiates suicidal individuals from non-suicidal individuals. A few studies also found that smaller prefrontal (PF) and DLPFC hemodynamic responses during cognitive tasks correlated with the severity of suicidal ideation. As a reliable, established biomarker for suicidality does not yet exist, such information would be fundamental in determining the extent to which fNIRS can be used to assess and predict suicidality in a clinical setting.

To date, this is the first systematic review on fNIRS findings in relation to suicidality with the goal to provide a comprehensive, up-to-date overview of information surrounding the utility of fNIRS for (i) assessing suicidality and its associated changes in the brain, and (ii) correlating with suicide symptomatology in different study populations (i.e., patients with different psychiatric disorders, as well as healthy controls). Based on the collective findings of the reviewed papers, most of the studies were conducted in Japan, while the most common paradigm used is the VFT, a common, validated neuropsychological test used to ascertain executive function and language content (45, 46). Participants of the VFT are typically instructed to generate as many unique words as possible that begin with a particular letter during the task for a restricted duration of time varying between 30 and 60 s (47). The VFT has shown to be able to elicit distinct differences between depressed patients and healthy control in both performance and neuroimaging responses (46, 48).

Conversely, all seven studies focused on hemodynamic changes in discrete brain regions. It would also be worthwhile to explore how functional connectivity, which is the temporal dependency of neuronal activation patterns of anatomically separated brain regions (49), differs between SAs, NAs, and HCs. Also, none of them demonstrated data on the sensitivity and specificity comparing suicidal and non-suicidal individuals, which would be important in determining the clinical validity of fNIRS as a biomarker for suicidality. This points to the need for future studies with standardised methods of analyses, which would then allow for more accurate comparisons to be made (50). In a similar vein, despite the use of the VFT as the paradigm in most of the studies reviewed, there were variations in other factors such as the devices used to measure NIRS signals or how suicidality was measured, which reduces the validity of the comparisons made. Future research focusing on the clinical utility of fNIRS in assessing and predicting suicidality could also include longitudinal studies with longer follow-up durations spanning 6–12 months. All the reviewed studies are cross-sectional in nature, meaning that they are unable to provide any information on the prognosticative potential of fNIRS for suicidality. Longitudinal studies would be beneficial in providing a better understanding of the fNIRS-measured cerebral hemodynamic responses as a marker for suicidality and investigate whether it is a state or trait-dependent marker of suicidality.

Despite the several advantages of fNIRS over other imaging modalities such as fMRI, its limitations cannot be discounted. First, near-infrared light has limited spatial resolution (around 1 cm) and depth of penetration, thus rendering it unsuitable in the measuring of cortical hemodynamic responses to cognitive stimuli when deep brain regions with crucial roles in psychiatric disorders are involved (25, 51). Studies involving the use of fMRI, on the other hand, found disrupted neural responses in both the insula cortex and subgenual anterior cingulate cortex in depressed SAs, but not in depressed NAs and HCs, which led to greater aversion to uncertainty (52, 53). Jung et al. (54) also found that depressed NAs had decreased functional neural network connectivity (FNC), and that the degree of FNC was associated with suicidal ideation. Second, layered and/or dark-coloured hair attenuate near-infrared light, resulting in poor optical contact and affecting signal quality (51, 55). Third, fNIRS signals are susceptible to corruption by signals arising from respiratory rate, heart rate and blood pressure fluctuations, thus affecting signal interpretation (33, 56). Taken together, however, the effects of these limitations on fNIRS data could be alleviated by statistical data processing and enhanced data-collecting protocols (24, 28, 30, 56). The use of other neuroimaging modalities like fMRI could also be employed to supplement the findings of fNIRS scans, thus allowing for a more comprehensive assessment of neurophysiological changes.

Our review also comes with certain limitations. First, at the time of our study, there was limited existing literature on the topic of fNIRS and its correlation with suicidality. As such, the data available formed a small sample size, leading to a higher risk of confounding and selective biases, along with reduced power. Furthermore, out of the seven studies reviewed, five were conducted in Japan, hence limiting the ecological validity of our findings. However, this review was able to synthesise the information available to provide an up-to-date overview of studies exploring fNIRS and its clinical utility in assessing and predicting suicidality, hence facilitating future research and developments in this topic. Second, most of the studies used the VFT as the paradigm. Although the VFT is simple and can be conventionally administered, it would be worthwhile to ascertain the effects of other paradigms such as the Emotional Stroop task and investigate other brain regions besides the prefrontal cortex. Third, we only included papers published in English and searched in three databases, and there may have been publication bias as there may have been other papers published in other languages and/or on other platforms. Nevertheless, our review's strength lies in it being the first systematic review to evaluate the use of fNIRS in assessing and predicting suicidality. It also provides a comprehensive overview of studies that have been conducted in this area of the fNIRS research landscape.

In conclusion, current literature has provided sufficient evidence regarding fNIRS as a complementary tool for the assessment and prediction of suicidality in the clinical setting, as there have been consistent attenuated hemodynamic signals in different cortical brain regions, along with correlations between hemodynamic changes and degree of suicidality, when comparisons are made across depressed patients with a history of suicide attempts, those with no history of suicide attempts, and healthy controls. As such, the result of an individual's fNIRS scan could potentially be taken as an objective measure of suicidality; it could also be indicative of one's predisposition to suicidality. While our systematic review has shed light on the promising potential of fNIRS to be used as an objective method of assessing and predicting suicidality, further methodological improvements, such as those aimed at enhancing signal quality, are of crucial importance in ensuring replicability in future studies. Future studies with larger sample sizes, standardised methodology, as well as longitudinal follow-up with participants, are also recommended to further our knowledge of fNIRS and its clinical utility in psychiatric clinical practise and research.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

YL and CH: conceptualization, data extraction, and review. YL and GT: writing. CH: review and manuscript amendment. All authors contributed to the article and approved the submitted version.



REFERENCES

 1. Naghavi M. Global, regional, and national burden of suicide mortality 1990 to 2016: systematic analysis for the Global Burden of Disease Study 2016. BMJ. (2019) 364:l94. doi: 10.1136/bmj.l94

 2. Klonsky ED, May AM, Saffer BY. Suicide, suicide attempts, and suicidal ideation. Annu Rev Clin Psychol. (2016) 12:307–30. doi: 10.1146/annurev-clinpsy-021815-093204

 3. Organisation WH. Suicide in the World: Global Health Estimates. World Health Organisation, Use MHaS. Report No.: Licence: CC BY-NC-SA 3.0 IGO (2019).

 4. Bilsen J. Suicide and youth: risk factors. Front Psychiatry. (2018) 9:540. doi: 10.3389/fpsyt.2018.00540

 5. Iyengar U, Snowden N, Asarnow JR, Moran P, Tranah T, Ougrin D, et al. Further look at therapeutic interventions for suicide attempts and self-harm in adolescents: an updated systematic review of randomized controlled trials. Front Psychiatry. (2018) 9:583. doi: 10.3389/fpsyt.2018.00583

 6. Torok M, Calear A, Shand F, Christensen H. A systematic review of mass media campaigns for suicide prevention: understanding their efficacy and the mechanisms needed for successful behavioral and literacy change. Suicide Life Threat Behav. (2017) 47:672–87. doi: 10.1111/sltb.12324

 7. Tollefsen IM, Hem E, Ekeberg O. The reliability of suicide statistics: a systematic review. BMC Psychiatry. (2012) 12:9. doi: 10.1186/1471-244X-12-9

 8. Organisation WH. Quality of Suicide Mortality Data: World Health Organisation. (2021). Available online at: https://www.who.int/mental_health/suicide-prevention/mortality_data_quality/en/ (accessed May 28, 2021).

 9. Heyland M, Delaney KR, Shattell M. Steps to achieve universal suicide screening in emergency departments: a call to action. J Psychosoc Nurs Ment Health Serv. (2018) 56:21–6. doi: 10.3928/02793695-20180503-03

 10. Glenn CR, Nock MK. Improving the short-term prediction of suicidal behavior. Am J Prev Med. (2014) 47(Suppl. 2):S176–80. doi: 10.1016/j.amepre.2014.06.004

 11. Choo CC, Harris KM, Chew PKH, Ho RC. Clinical assessment of suicide risk and suicide attempters' self-reported suicide intent: a cross sectional study. PLoS ONE. (2019) 14:e0217613. doi: 10.1371/journal.pone.0217613

 12. Franklin JC, Ribeiro JD, Fox KR, Bentley KH, Kleiman EM, Huang X, et al. Risk factors for suicidal thoughts and behaviors: a meta-analysis of 50 years of research. Psychol Bull. (2017) 143:187–232. doi: 10.1037/bul0000084

 13. Madsen T, Erlangsen A, Nordentoft M. Risk estimates and risk factors related to psychiatric inpatient suicide-an overview. Int J Environ Res Public Health. (2017) 14:253. doi: 10.3390/ijerph14030253

 14. Berman AL. Risk factors proximate to suicide and suicide risk assessment in the context of denied suicide ideation. Suicide Life Threat Behav. (2018) 48:340–52. doi: 10.1111/sltb.12351

 15. Roy A. Combination of family history of suicidal behavior and childhood trauma may represent correlate of increased suicide risk. J Affect Disord. (2011) 130:205–8. doi: 10.1016/j.jad.2010.09.022

 16. Serafini G, Canepa G, Adavastro G, Nebbia J, Belvederi Murri M, Erbuto D, et al. The relationship between childhood maltreatment and non-suicidal self-injury: a systematic review. Front Psychiatry. (2017) 8:149. doi: 10.3389/fpsyt.2017.00149

 17. Serafini G, Gonda X, Pompili M, Rihmer Z, Amore M, Engel-Yeger B. The relationship between sensory processing patterns, alexithymia, traumatic childhood experiences, and quality of life among patients with unipolar and bipolar disorders. Child Abuse Negl. (2016) 62:39–50. doi: 10.1016/j.chiabu.2016.09.013

 18. Calati R, Nemeroff CB, Lopez-Castroman J, Cohen LJ, Galynker I. Candidate biomarkers of suicide crisis syndrome: what to test next? A concept paper. Int J Neuropsychopharmacol. (2020) 23:192–205. doi: 10.1093/ijnp/pyz063

 19. Balcioglu YH, Kose S. Neural substrates of suicide and suicidal behaviour: from a neuroimaging perspective. Psychiatr Clin Psychopharmacol. (2018) 28:314–28. doi: 10.1080/24750573.2017.1420378

 20. Dominguez-Baleon C, Gutierrez-Mondragon LF, Campos-Gonzalez AI, Renteria ME. Neuroimaging studies of suicidal behavior and non-suicidal self-injury in psychiatric patients: a systematic review. Front Psychiatry. (2018) 9:500. doi: 10.3389/fpsyt.2018.00500

 21. Schmaal L, van Harmelen AL, Chatzi V, Lippard ETC, Toenders YJ, Averill LA, et al. Imaging suicidal thoughts and behaviors: a comprehensive review of 2 decades of neuroimaging studies. Mol Psychiatry. (2020) 25:408–27. doi: 10.1038/s41380-019-0587-x

 22. Minzenberg MJ, Lesh TA, Niendam TA, Yoon JH, Rhoades RN, Carter CS. Frontal cortex control dysfunction related to long-term suicide risk in recent-onset schizophrenia. Schizophr Res. (2014) 157:19–25. doi: 10.1016/j.schres.2014.05.039

 23. Wilcox T, Biondi M. fNIRS in the developmental sciences. Wiley Interdiscip Rev Cogn Sci. (2015) 6:263–83. doi: 10.1002/wcs.1343

 24. Scarapicchia V, Brown C, Mayo C, Gawryluk JR. Functional magnetic resonance imaging and functional near-infrared spectroscopy: insights from combined recording studies. Front Hum Neurosci. (2017) 11:419. doi: 10.3389/fnhum.2017.00419

 25. Ho CSH, Lim LJH, Lim AQ, Chan NHC, Tan RS, Lee SH, et al. Diagnostic and predictive applications of functional near-infrared spectroscopy for major depressive disorder: a systematic review. Front Psychiatry. (2020) 11:378. doi: 10.3389/fpsyt.2020.00378

 26. Ehlis AC, Schneider S, Dresler T, Fallgatter AJ. Application of functional near-infrared spectroscopy in psychiatry. Neuroimage. (2014) 85:478–88. doi: 10.1016/j.neuroimage.2013.03.067

 27. Husain SF, Yu R, Tang TB, Tam WW, Tran B, Quek TT, et al. Validating a functional near-infrared spectroscopy diagnostic paradigm for Major Depressive Disorder. Sci Rep. (2020) 10:9740. doi: 10.1038/s41598-020-66784-2

 28. Irani F, Platek SM, Bunce S, Ruocco AC, Chute D. Functional near infrared spectroscopy (fNIRS): an emerging neuroimaging technology with important applications for the study of brain disorders. Clin Neuropsychol. (2007) 21:9–37. doi: 10.1080/13854040600910018

 29. Lai CYY, Ho CSH, Lim CR, Ho RCM. Functional near-infrared spectroscopy in psychiatry. BJPsych Adv. (2018) 23:324–30. doi: 10.1192/apt.bp.115.015610

 30. Ferrari M, Quaresima V. A brief review on the history of human functional near-infrared spectroscopy (fNIRS) development and fields of application. Neuroimage. (2012) 63:921–35. doi: 10.1016/j.neuroimage.2012.03.049

 31. Boas DA, Elwell CE, Ferrari M, Taga G. Twenty years of functional near-infrared spectroscopy: introduction for the special issue. Neuroimage. (2014) 85:1–5. doi: 10.1016/j.neuroimage.2013.11.033

 32. Suto T, Fukuda M, Ito M, Uehara T, Mikuni M. Multichannel near-infrared spectroscopy in depression and schizophrenia: cognitive brain activation study. Biol Psychiatry. (2004) 55:501–11. doi: 10.1016/j.biopsych.2003.09.008

 33. Kumar V, Shivakumar V, Chhabra H, Bose A, Venkatasubramanian G, Gangadhar BN. Functional near infra-red spectroscopy (fNIRS) in schizophrenia: a review. Asian J Psychiatr. (2017) 27:18–31. doi: 10.1016/j.ajp.2017.02.009

 34. Nishizawa Y, Kanazawa T, Kawabata Y, Matsubara T, Maruyama S, Kawano M, et al. fNIRS Assessment during an emotional stroop task among patients with depression: replication and extension. Psychiatry Investig. (2019) 16:80–6. doi: 10.30773/pi.2018.11.12.2

 35. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ. (2009) 339:b2700. doi: 10.1136/bmj.b2700

 36. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The Cochrane collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011) 343:d5928. doi: 10.1136/bmj.d5928

 37. Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Analyses. (2013). Available online at: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed May 28, 2021).

 38. Baik SY, Kim JY, Choi J, Baek JY, Park Y, Kim Y, et al. Prefrontal asymmetry during cognitive tasks and its relationship with suicide ideation in major depressive disorder: an fNIRS study. Diagnostics (Basel). (2019) 9:193. doi: 10.3390/diagnostics9040193

 39. Hirose T, Tsujii N, Mikawa W, Shirakawa O. Delayed hemodynamic responses associated with a history of suicide attempts in bipolar disorder: a multichannel near-infrared spectroscopy study. Psychiatry Res Neuroimaging. (2018) 280:15–21. doi: 10.1016/j.pscychresns.2018.08.003

 40. Tsujii N, Mikawa W, Tsujimoto E, Adachi T, Niwa A, Ono H, et al. Reduced left precentral regional responses in patients with major depressive disorder and history of suicide attempts. PLoS ONE. (2017) 12:e0175249. doi: 10.1371/journal.pone.0175249

 41. Pu S, Nakagome K, Yamada T, Yokoyama K, Matsumura H, Yamada S, et al. Suicidal ideation is associated with reduced prefrontal activation during a verbal fluency task in patients with major depressive disorder. J Affect Disord. (2015) 181:9–17. doi: 10.1016/j.jad.2015.04.010

 42. Ota T, Iida J, Okazaki K, Ishida R, Takahashi M, Okamura K, et al. Delayed prefrontal hemodynamic response associated with suicide risk in autism spectrum disorder. Psychiatry Res. (2020) 289:112971. doi: 10.1016/j.psychres.2020.112971

 43. Zahid Z, McMahon L, Lynch M. Neural activity across the dorsolateral prefrontal cortex and risk for suicidal ideation and self-injury. Arch Suicide Res. (2020) 1–21. doi: 10.1080/13811118.2020.1779154

 44. Matsuoka J, Koike S, Satomura Y, Okada N, Nishimura Y, Sakakibara E, et al. Prefrontal dysfunction associated with a history of suicide attempts among patients with recent onset schizophrenia. NPJ Schizophr. (2020) 6:29. doi: 10.1038/s41537-020-00118-z

 45. Zhang H, Dong W, Dang W, Quan W, Tian J, Chen R, et al. Near-infrared spectroscopy for examination of prefrontal activation during cognitive tasks in patients with major depressive disorder: a meta-analysis of observational studies. Psychiatry Clin Neurosci. (2015) 69:22–33. doi: 10.1111/pcn.12209

 46. Hanley JR, Dewick HC, Davies AD, Playfer J, Turnbull C. Verbal fluency in Parkinson's disease. Neuropsychologia. (1990) 28:737–41. doi: 10.1016/0028-3932(90)90129-C

 47. Bonilauri A, Sangiuliano Intra F, Pugnetti L, Baselli G, Baglio F. A Systematic review of cerebral functional near-infrared spectroscopy in chronic neurological diseases-actual applications and future perspectives. Diagnostics (Basel). (2020) 10:581. doi: 10.3390/diagnostics10080581

 48. Noda T, Yoshida S, Matsuda T, Okamoto N, Sakamoto K, Koseki S, et al. Frontal and right temporal activations correlate negatively with depression severity during verbal fluency task: a multi-channel near-infrared spectroscopy study. J Psychiatr Res. (2012) 46:905–12. doi: 10.1016/j.jpsychires.2012.04.001

 49. van den Heuvel MP, Hulshoff Pol HE. Exploring the brain network: a review on resting-state fMRI functional connectivity. Eur Neuropsychopharmacol. (2010) 20:519–34. doi: 10.1016/j.euroneuro.2010.03.008

 50. Witmer JS, Aeschlimann EA, Metz AJ, Troche SJ, Rammsayer TH. The validity of functional near-infrared spectroscopy recordings of visuospatial working memory processes in humans. Brain Sci. (2018) 8:62. doi: 10.3390/brainsci8040062

 51. Quaresima V, Ferrari M. Functional near-infrared spectroscopy (fNIRS) for assessing cerebral cortex function during human behavior in natural/social situations: a concise review. Organ Res Methods. (2019) 22:46–68. doi: 10.1177/1094428116658959

 52. Baek K, Kwon J, Chae JH, Chung YA, Kralik JD, Min JA, et al. Heightened aversion to risk and loss in depressed patients with a suicide attempt history. Sci Rep. (2017) 7:11228. doi: 10.1038/s41598-017-10541-5

 53. Ji X, Zhao J, Li H, Pizzagalli DA, Law S, Lin P, et al. From motivation, decision-making to action: an fMRI study on suicidal behavior in patients with major depressive disorder. J Psychiatr Res. (2021) 139:14–24. doi: 10.1016/j.jpsychires.2021.05.007

 54. Jung J, Choi S, Han KM, Kim A, Kang W, Paik JW, et al. Alterations in functional brain networks in depressed patients with a suicide attempt history. Neuropsychopharmacology. (2020) 45:964–74. doi: 10.1038/s41386-019-0560-z

 55. Khan B, Wildey C, Francis R, Tian F, Delgado MR, Liu H, et al. Improving optical contact for functional nearinfrared brain spectroscopy and imaging with brush optodes. Biomed Opt Express. (2012) 3:878–98. doi: 10.1364/BOE.3.000878

 56. Chen WL, Wagner J, Heugel N, Sugar J, Lee YW, Conant L, et al. Functional near-infrared spectroscopy and its clinical application in the field of neuroscience: advances and future directions. Front Neurosci. (2020) 14:724. doi: 10.3389/fnins.2020.00724

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Lee, Tay and Ho. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-12-716276-t002.jpg
References

Baik et al. (38)

Hirose et al. (39)

Touji et al. (40)

Puetal. (41)

Otaetal. (42)

Zahid et al. (43)

Matsuoka et al.
(@4

Country Year Condition

Korea 2019 MDD
Japan 2018 BD
Japan 2017 MDD
Japan 2015 MDD
Japan 2020 ASD

USA 2020 NIL
Japan 2020 SZ(ROSZ)

Sample size Age (mean &
(male/female)  standard
deviation)
MDD: 51(17/34) ~ MDD: 37.62
HC: 63 (24/41)  £14.36
HC: 33.42
+1257
BD,SA: 20 (6/14) SA:335: 114
BD, NA (controll:  NA: 387 & 12.0
28 (14/14)
MDD: 68 (24/44) MDD
- SA:30(8/22) - SA37.6+10.0
- NA:38(16/22) - NA:388:+9.7
HC: 40 (16/25)  HC:382 %105

MDD: 67 (20/33)  MDD: 58.1  16.0
HC:67 (29/38)  HC:58.1 +17.8
ASD: 20(16/4)  ASD:29.05
HC: 29 (16/4) £639

HC: 27.20 £ 4.16
296 (67/229) 18812
S7:86(46/40)  SA:25.4+66
- SA:24(12/12)  NA:25.9+7.3
- NA:62(34/28)  HC: 2654 5.1

HC: 119 (68/51)

Diagnostic

criteria

(instrument)

DSM-5

DSM-V

DSM-4,
HAM-D

DSM-4

DSM-5

NIL

DSM-4

Suicidality  Medication

measure(s)

HAM-D NIL

Hstoryof — NIL

sicide

attempt; MINI

Historyof  Daily doses

suicide converted to

attempt equivalent
doses of
Imipramine,
chlorpromazine
and diazepam

HAM-D Daily doses of
all
antidepressants|
were
converted to
an equivalent
dose of
imiprarmine

MINI NIL

BDI; NIL

Historyof ~ Daiy doses of

suicide all AR, BZD

attempt and APK
drugs were
converted to
chlorpromazine,
diazepam and
biperiden
equivalent
doses

Brain
areas

NIRS device Paradigm

NIRSIT
(OBELAB): 24
dual-
wavelength
laser diodes
(780/850nm)
and 32 photo
detectors
separated by
a1.5cm unit
distance

VFT, Stroop PR
task,

two-back

task

$52-channel VFT F
ETG-4000

(Hitachi)

$52-channel VFT
ETG-4000

(Hitachi)

PRT

$52-channel VFT F
ETG-4000

(Hitachi)

24-channel
ETG-4000
(Hitach)

Model 200A  Anagram DLPFC
(fNIR Devices tasks

LLO)

52-channel  LFT F
ETG-4000

(Hitach)

Main findings

Relatively reduced left PF
oxy-Hb changes for MDD
patients

Positive correlation
between VFT asymmetry
index and HAM-D suicide
item for MDD patients
Stronger effect of MDD
severity on suicidal
ideation with relatively
greater association with
left PF asymmetry for
MDD patients

Smaller  hemodynamic
responses  in  various
regions; delayed activation
timing of NIRS signal in PF
region for SA group
Significant, positive
association between
current suicide risk
significantly and delayed
activation timing in PF
region for all BD patients

Smaller  hemodynamic
response in left precentral
gyrus for SA group
Significant correlation
between severity of
suicidal ideation and
hemodynamic responses
in right DLPFC for

SA group
Significantly smaller
regional  hemodynamic

changes for MDD patients
with suicidal iceation
Negative correlation
between severity of
suicidal ideation (as
measured by HAM-D) and
hemodynamic changes in
DLPFC, OFC and FPC
regions for MDD group

Significant positive
correlation between
current sicide risk score
and centroid value in PF
region for ASD patients
DLPFC activity associated
with suicidal ideation in
sex-specific ways

Right DLPFC brain activity
of SA subgroup
significantly lower than

NA group

MDD, Major depressive disorder; HC, Healthy control; DSM, Diagnostic and Statistical Manual; HAM-D, Hamilton Rating Scale for Depression; VFT, Verbal fluency test; PF; Prefrontal; BD, Bipolar disorder; SA, Suicide attempter; NA,
Non-suicide attempter; MINI, Mini International Neuropsychiatric Interview; F, Frontal; T, Temporal; DLPFC, Dorsolateral prefrontal cortex; OFC, Orbitofrontal cortex; FPC, Frontopolar cortex; ASD, Autism spectrum disorder; 8D, Beck's
Depression Inventory; SZ, Schizophrenia; ROSZ, Recent-onset schizophrenia; AP, Antipsychotic; BZD, Benzodiazepine; APK, Antiparkinsonian; LFT, Letter fluency task.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Clinical Utility of Functional Near-Infrared Spectroscopy for Assessment and Prediction of Suicidality: A Systematic Review



		Introduction



		Methods



		Data Sources and Search Strategy



		Eligibility Criteria and Data Collection



		Quality Assessment of the Included Studies







		Results



		Study Selection



		Correlation of fNIRS Signals With Suicidality







		Discussion



		Data Availability Statement



		Author Contributions



		References

















OPS/images/cover.jpg
’ frontiers
in Psychiatry

Clinical Utility of Functional
Near-Infrared Spectroscopy for
Assessment and Prediction of
Suicidality: A Systematic Review





OPS/images/fpsyt-12-716276-g001.gif
[o——

seseing

eigniy

‘Records dentied through
st sescing:
P ————
. s s rouphther sces 120)
« Covvane by 6655
[ ——

ey

et sciedine3
]
* et
e

prrrme—r——
)

rrre—]
0-0

St ot i ot s
[






OPS/images/fpsyt-12-716276-t001.jpg
Selection Comparability Exposure

Studysources  Isthecase  Representative  Selectionof  Definitions of Determination of Same method  Non-
definition of cases controls controls exposure  for determining  response
adequate? cases and rates

controls

Baik et al. . . N N .

Hirose et al. * * * * * *

Touji ot al « « " - N N

Puetal. * * * * * *

Otaetal. x « " N N *

Zahidetal. x “ N .

Matsuoka et al * * * * * *

Each star represents one points (each study can obtain a maximum of 9 points), whereby the more stars given, the less prone to bias the study is.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





